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SUBJECT: A. O. Shearrer Lake Dam Phase I Inspection Report

This report presents the results of fiecld inspraction amdi veluation
of the A. 0. Shearrer Lake Dam (MO No. 30563).

It was prepared under the National Program of Inspection of HNon-Federal
Dams.

This dam has been classified as unsafe, non-emergency by the St. Louis
District as a result of the application of the following criteria:

a. The combined spillway capacity will not pass 50 percent of
the Probable Maximum Flood without overtopping the dam.

b. Overtopping of the dam could result in failure of the dam.

c. Dam failure significantly increases the hazard to losc of
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PHASE T REPORT
NATIONAL DAM SAEFETY PROGRAM
SUMMARY

Name of Dam: A. O. Shearrer Lake Dam
State Located: Missouri

County Located: Wayne

Stream: Tributary of Little Lake Crcek
Date of Inspection: October 7, 1980

A. O. Shearrer Lake Dam was inspected by an interdiscip-
linary team of engineers from Anderson lngineering, Inc. of
Springfield, Missouri and Hanson Engineers, Inc. of Springficld,
Il1linois. The purpose of this inspection was to make an assess-
ment of the general condition of the dam with respect to safety,
based upon available data and visual inspection, in order to de-
termine if the dam poses hazards to human life or property.

The guidelines used in the assessment were furnished by
the Department of the Army, Office of the Chief of Lnginecers,
and they have been developed with the help of several Federal
and State agencies, professional engineering organizations, and
private engineers. Based on these guidelines, the St. Louis
District, Corps of Ingineers has determined that this dam is in
the high hazard potential classification, which means that loss
of 11fc and appreciable property loss could occur if the dam
fails. The estimated damage zonc extends approximately thrce
miles downstream of the dam. Located within this zone arc
three dwellings, two trailers, thrce buildings, a church, and
a cemetery.

The dam is in the small size classification, since it is
greater than 25 ft high but less than 40 (t high, and the maxi-
mum storage capacity is greater than 50 ac-ft but less than
1,000 ac-ft.

Our inspection and evaluation indicates that the combincd
spillways do not meet the criteria set forth in the guidelines
for a dam having the above size and hazard potential. The com-
bined spillways will pass 11 percent of the Probable Maximum
Flood without overtopping. The Probable Maximum Flood is de-
fined as the flood discharge that may be expected from the most
severe combination of critical meteorologic and hydrologic con-
ditions that are reasonably possible in the region. The guide-
lines require that a dam of small size with a high downstreanm
hazard potential pass 50 to 100 percent of the PMF. (onsidering




the low height of dam (28 ft) and the small storage capacity
(83.0 Acre-ft) 50 percent of the PMF has been determined to

be the appropriate spillway design flood. The 100-year flood
(1 percent probability flood) will not overtop the dam. The

1 percent probability flood is one that has a 1 percent chance
of being exceeded in any given year.

The embankment was in good condition. Deficiencies vis-
ually observed by the inspection team were: (1) Scattered
brush and trees on embankment faces; (2) Brush and trces in
approach channel to emergency spillway channel; (3) No wave
protection for upstream face; (4) Non-erodible emergency
spillway section not provided; (5) Emergency spillway outlet
channel not diverted away from embankment; (6) Brush and trees
in downstream channel; and (7) Lrosion at the principal spill-
way outlet.

Another deficiency was the lack of seepage and stability
analysis records.

It is recommended that the owners take thc necessary action
without undue delay to correct the deficiencies reported herein.
A detailed discussion of these deficiencies is included in the
following report.

Anderson lInginecring,

C\'\;L \,\ ERYY E‘\A
Gene Wertepny, ¥.E.
Hanson Engineers, Inc.

C/(?/v”‘—z/ //Gz/ _

Dan Kerns,/P.
Hanson Eng1neer>, Inc.

R 7ol o

Tom Beckley, P.I, \\
Anderson Engineering,. Inc

A e o o ARED




; AERIAL VIEW OF LAKE AND DAM




r..

PHASE 1 INSPLCTION REPORT
NATTONAL DAM SATETY PROGRAM
A. O. SHEARRER LAKE DAM
MISSOURI INVENTORY NO. 30563

TABLE OF CONTENTS

Paragraph Page
No. Title No.

SECTION 1 - PROJECT INFORMATION

1.1 General 1
1.2 Description of Project 1
1.3 Pertinent Data 3
SECTION 2 - LENGINEERING DATA
2.1 Design N
2.2 Construction S
2.3 Operation 3
2.4 Evaluation 9
SECTION 3 - VISUAL INSPLCTION
3.1 Findings 10
3.2 LLvaluation
SECTION 4 - OPLERATIONAL PROCEDURES
4.1 Procedures 13
4,2 Maintenance of Dam 13
4.3 Maintenance of Operating Facilities 13
4.4 Description of Any Warning System in
Effect 13
4.5 Evaluation 13
SECTION 5 - HYDRAULIC/IYDROLOGIC
5.1 Evaluation of Features 14
SECTION 6 - STRUCTURAL STABILITY
6.1 Evaluation of Structural Stability 10
SECTION 7 - ASSESSMENT/REMEDIAL MEASURES
7.1 Dam Assessment 7
7.2 Remedial Measures 18




]

APPENDICES

APPENDIN A

Location Map

Vicinity Map

Plan, Profile and Scction of Dam
Profile and Section of Spillway
Plan Sketch of Dam

SCS Detail Sheets

APPENDIX B
Major Geologic Regions of Missouri
Thickness of Loessial Deposits
Seismic Zone Map
SCS Soils Report

APPENDIX C

Overtopping Analysis - PME

APPENDIX D

List of Photographs
Photograph Index
Photographs

nheet

sl g e

vV L —

10




SECTION 1 - PROJECT INFORMVEION

1.1 GENERAL:

AL Authority:

The National Dam Inspection Act, Public lLaw 92-307
authorized the Sccretary of the Army, through the Corps
of Engincers, to initiate a program of safcety inspection
of dams throughout the United States. Pursuant to the
above, the St. Louils District, Corps of lIngineers, Dis-
trict LEngineer directed that a safety inspection be made
of A. 0. Shearrcr Lake Dam in Wayne County, Missouri.

b

B. Purpose of Inspecction:

The purposc of the inspection was to make an assessment
of the general condition of the dam with respect to safety,
based upon available data and a visual inspection in order
to determine if the dam poses hazards to human life or
property.

C. LEvaluation Criteria:

Criteria used to evaluate the dam were furnished by
the Department of the Army, Office of the Chief of lIng-
ineers, '"Recommended Guidelines for Safety Inspection of
Dams, Appendix D."  These guidelines were developed with
the help of several federal agencies and many state agen-
cies, professional engineering organizations, and private
engineers.

1.2 DESCRIPTION OF PROJECT:

A. Description of Dam and Appurtenances:

A. 0. Shearrer Lake Dam is an earth {ill structurc approxi-
mately 28 ft high and 330 ft long at the crest. The appurtenant
work consists of a 1 inch irrigation pipe with two downstrecam
valves, an uncontrolled 12 inch corrugated metal principal spill-
way pipe, and an carth cut emergency spillway section.

Sheet 3 of Appendix A shows a plan, profile, and typical

section of the embankment. Sheets 4 and 5 of Appendix A show
a profile and section of the emergency spillway.

haW.N cuna




B. Location: i

The dam is located in the central part of Wayvne County,
Missouri on a tributary of Little Lake Creek. The dam and
lake are within the Patterson, Missouri 7.5 minute quadrangle
sheet (Section 32, T29N, ROSE - latitude 37°08.8'; longitude
90°31.1'). Sheet 2 ot Appendix A shows the general vicinity.

A o AL

C. Size Classification:

With an embankment height of 28 ft and a maximum storuage
capacity of approximately 83 acre-ft, the dam is in the smuall
size category.

D. Hazard Classification:

The St. Louis District, Corps of Engineers has determined
that this dam is in the high hazard potential classification.
The estimated damage zone extends approximately three miles
downstream of the dam. Located within this zone are 3 dwell-
ings, 2 trailers, 3 buildings, a church, and a cemetery. The
affected features within the damage zone were field verified
by the inspection team.

E. Ownership:

The dam is owned by Mr. A. 0. Shearrer.
The owner's address i1s Route 1 Box 42, Patterson, Missouri 63956.

E. Purpose of Dam:

The dam was constructed primarily for domestic water supply
and recreation.

G. Design and Construction llistory:

The dam was designed by the Greenville, Missouri branch of
the U. S. Department of Agriculture, Soil Conservation Service
in 1964. Mr. Shearrer stated that the dam was constructed 12
years ago. He could not recall the name of the contractor that
constructed the dam. Mr. Shearrer stated that he instructed the
contractor to increase the width of the embankment to 18 ft and

to provide a 3H on 1V slope on the downstream facec of the dam.

According to the owner, the matcrial for the corc trench was
obtained from the hillcside immediately ecast of the dam and select
material from the lake bed. The core trench was reported to have
been 11 ft wide and 5 ft deep. The material for the impervious
core and the embankment was obtained from the lake bed area.




During the construction phase, Mr. Shearrver changed the
location of the emergency spillway to the cust abutment f{rom
the design location at the west abutment. The principal spill-
way pipe, 12 inch diameter CMP, was installed at the design
location. An additional 1 inch diameter copper pipe was in-
stalled through the embankment necar the west abutment. This
pipe was to provide irrigation to a garden immediately down-
stream of the embankment. Two valves were installed in a
concrete pit at the toc of the cmbankment.

Mr. Shearrer stated that the contractor pulled off the
job prior to completion of the {inal grading of the embank-
ment.

The pump house for the domestic water supply is located
ncar the west abutment. The inlet pipe extends from the pump
house, along the lake bottom to the inlet about 100 {t (rom
the shoreline.

11. Normal Operating Procedures:

Normal flows are passed by the uncontrolled principal
spillway pipe, located near the east abutment and the uncon-
trolled earth cut emergency spillway at the ecast abutment.
Mr. Shearrer indicated that the dam has not been overtopped.
The maximum high water, to his knowlcdge, was to within 4
inches of the emergency spillway (BElevation 509.9).

About 4 ycears ago Mr. Shcarrver stated that the lake level
was lowerced about 2 ft below normal pool by siphoning through
a 4 inch pipe, laid over the embankment crest, to a downstrcam
pond. The purpose was to provide water to a ncighbor for irri-
gation.

The 1 inch copper pipe is now used periodically to water
livestock.

1.5 PERTINENT DATA:

Pertinent data about the dam, appurtenant works, und
servoir dre prescented in the following paragraphs. Sheet
of Appendix A presents a plan, profile, and typical scction
of the embankment.

re-
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A Drainage Area:

The drainage area for this dam, as obtained from the
U.S.G.S5. quad sheet, is approximately 112 acres.




(1)

(2)

(3)
(4)
(5)

(6)

(7)
(8)
(9)

B. Discharge at Dam Site:

All discharge at the dam site 1s through uncontrolled
spillways.

Estimated Total Spillway Capacity at Maximum Pool (Top
of Dam - E1. 511.2): 30 cfs

Estimated Capacity of Principal Spillway: 5 cfs
Estimated Capacity of Iimergency Spillway: 25 cfs

Estimated Experience Maximum Flood at Dam Site:
S ¢fs (Elevation 509.9)

Diversion Tunncl Low Pool Outlet at Pool Llevation:
Not Applicable

Diversion Tunnel Outlet at Pool Llevation: Not Applicable
Gated Spillway Capacity at Pool Ilevation: Not Applicable

Gated Spillway Capacity at Maximum Pool Elevation: Not
Applicable

C. Elevations:

All elevations are consistent with an assumed mean sca level

elevation of 510.0 for the top of slab at thec southeast corner of

the
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

pump housec {ecstimated {rom quadrangle map).

Top of Dam: 511.2 ft, MSL

Principal Spillway Crest: 508.0 ft, MSL

Emergency Spillway Crest: 510.2 ft, MSL

Principal Spillway Pipe Invert at Outlet: 487.4 ft, MSL
Streambed at Centerlinc of Dam: 485.0 ft, MSL

Pool on Date of Inspection: 504.8 {t, MSL

Apparent High Water Mark: 509.9 ft, MSL

Maximum Tailwater: Not Applicable

Upstream Portal Invert Diversion Tunnel: Not Applicable

(10) Downstream Portal Invert Diversion Tunnel: Not Applicable




D. Reservoir Lengths:

(1) At Top of Dam: 900 ft
(2) At Emergency Spillway Crest: 850 [t
(3) At Principal Spillway Crest: 750 ft

E. Storage Capacities:

(1) At Top of Dam: 83 Acre-ft
{2} At Emergency Spillway Crest: 75 Acre-ft
{3) At Principal Spillway Crest: 00 Acrec-f{t

F. Reservoir Surface Areas:

(1) At Top of Dam: 8.0 Acres

(2) At Emergency Spilliway Crest: 7.5 Acres

(3) At Principal Spillway Crest: 6.3 Acres
G. Dam:

(1) Type: Rolled Earth

(2) Length at Crest: 330 [t

(3) Height: 28.0 ft

(4) Top Width: 18 ft

(5) Side Slopes: Upstream varies from 1V on 2.3l to 1V on 2.9H;
Downstream varies from 1V on 2.2H to 1V on 4,4}

(6) Zoning: Apparently Homogeneous

(7) Impervious Core: 11 ft wide clay core
(8) Cutoff: Key trench to clay

(9) Grout Curtain: None

H. Diversion and Regulating Tunnel:

(1) Type: Not Applicable




(2)
(3)
(4)
(5)

(1)
(2)

(1)
(2)
(3)
(4)

Length: Not Applicable
Closure: Not Applicable
Access:  Not Applicable
Regulating Facilities: Not Applicable

I. Spillway:

1.1 Principal Spillway:

Location: Station 3 + 00

Type: 12 inch diameter corrugated metal pipe with hooded
inlet

1.2 Emergency Spillway:

Location: liast Abutment
Type: Larth Cut Swale
Upstream Channecl: Larth Cut Channel, brush and tree lined

Downstream Channcl: Grass covercd to wooded Larth Channcel
with moderate sidec slopes

J. Regulating Outlets:

The recgulating outlet associated with this dam is the |

inch diameter copper pipe, with downstrecam valves, installed
for irrigation purposcs.




SECTION 2 - ENGINEERING DATA

2.1 DESIGN:

The design of this dam was done by the Soil Conservation
Service. The calculations are on file with the Columbia, Mis-
souri So0il Conservation Service office. A copy of the design
plans are included as Sheets 7 and 8 of Appendix A. The loca-
tion of the emergency spillway as designed to be at the west
abutment was changed by the owner to be at the east abutment.
No documentation of construction inspection records is known
to exist. To our knowledge, there are no documented mainten-
ance data.

A. Surveys:

A pre-construction survey, using an assumed datum, was
conducted by the Soil Conservation Service. This survey is
on file in the Columbia, Missouri office.

The southeast corner of the top of the pump house slab
was used as reference for all field measurements. An cleva-
tion of 510.0 mean sea level was estimated for this point
using U.S.G.S. quad sheets.

B. Geology and Subsurface Materials:

The site is located at the southwestern ltimits of the St.
Francois Mountains geologic region of Missouri. The St. Fran-
cois Mountains are described as an island of crystalline rocks
entirely surrounded by the Salem Plateau. The arca is charac-
terized topographically by steep mountains of Precambrian age.
These mountains are highly resistant to erosion as compared
with the once-overlying Paleozoic formations. These igneous
mountains arec encircled by dolomite, sandstone and chert of
the Cambrian system.

Information from the Missouri Department of Natural Re-
sources indicates that the bedrock in the area is the Gasconade
Dolomite, which is predominately a light brownish-gray, cherty
dolomite. The formation contains a persistent sandstone unit
in its lowermost part that is designated the Gunter member.

The lower part of the dolomite which overlies the Gunter member
is coarsely crystalline and characterized by large amounts of
chert. The upper part of the dolomite is predominately finely
crystalline and contains smaller amounts of chert. Caves and
springs arec common in the Gasconade formation.

.
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The publication "Caves of Missouri'" lists thrce caves known to
exist in Wayne County, the closest being about four miles north-
east of the site. Of two caves listed in adjacent Reynolds
County, the closest is about twenty miles northwest of the site.
No caves are listed in adjacent I[ron and Madison Counties.

Information from the United States Department of Agricul-
ture 50il Conservation Service indicates that the soils in the
immediate area of the dam and lake consist primarily of Clarks-
ville Stony Silt Loam. The Clarksville series subsoil is a
reddish-brown to red silty clay to heavy, stiff, tenacious,
compact clay. These residual soils are derived from cherty
and dolomitic limestones. Chert fragments arc very common
in the Clarksville soils. The loessial thickness map indica-
tes that upland areas may have about 2.5 ft of loess cover.

C. Foundation and Embankment Design:

No design computations are available. Scepage and stability
analyses apparently were not performed as rcquired in the guide-
lines. There is apparently no particular zoning of the embank-
ment, and no internal drainage features are known to exist.

D. Hydrology and Hydraulics:

The hydrology and hydraulics design calculations obtained
for this dam are included on Sheet 6 of Appendix A. This is
the standard design sheet prepared by the Soil Conservation
Service. Based upon the design plans obtained, ficld mcasurc-
ments of spillway dimensions, cmbankment elevations, and a
check of the drainage area on U.S.G.S. quad sheets, hydrologic
analyses using U. S. Army Corps of lkngineers guidelines were
performed and appear in Appendix C, Shecets 1 through 10,

E.  Structurc:

The details of the structurc and principal spillway pipe
are included as Shecet 7 of Appendix A. The detail sheet is
the standard Soil Conservation Service design sheet.

2.2 CONSTRUCTION:

No construction inspection data have been obtained.

2.3 OPERATION:

Normal flows are passed by the uncontrolled principal
spillway pipe and the uncontrolled carth cut emergency spill-
way section.




2.4 EVALUATION:

A. Availability:

The engineering data available arc as listed in Scction
2.1.

B. Adequacy:

The engineering data available werc inadequate to make
a detailed assessment of the design, construction, and opera-
tion of this structure. Seepage and stability analyses com-
parable to the requirements of the "Recommended Guidelines
for Safety Inspection of Dams' were not available, which is
considered a deficiency. These seepage and stability analy-
ses should be performed for appropriate loading conditions
and made a matter of record.

C. Validity:

The design information prepared by the Soil Conservation
Service is to be considered valid engineering data. No valid
engineering data on the design or construction of the embank-
ment was obtained.




SECTION 3 ~ VISUAL INSPECTION

3.1 FINDINGS:

AL General:

The field inspection was made on October 7, 1980. The in-
spection team consisted of personnel from Anderson kngincering,
Inc., of Springfield, Missouri and Hanson kngincers, Inc., of
Springfield, Illinois. The team members were:

Steven L. Brady - Anderson Lngineering, Inc. (Civil Ingineer)
Tom R. Beckley - Anderson Engineering, Inc. (Civil Lngincer)
Gene Wertepny - Hanson Engineers, Inc. (lHydraulic Engincer)
Dan Kerns - lanson Ingineers, Inc. (Geotechnical Enginecr)

The owner of the dam accompanied the team members during
the inspection.

Photographs of the dam, appurtenant structures, rescrvoir,
and downstream features are presented in Appendix D.

B. Dam:
The embankment appears to be in good condition. The hori-
zontal alignment of the dam 1is good. The profile of the embank-

ment crest at the centerline of dam indicates an upward slope
from the west abutment to the emergency spillway channel at the
east abutment. The low point of the crest is at clevation 511.2
(Station 1 + 00) and the high point of the crest is at clevation
512.9 (Station 3 + 35). The embankment appcared to have been
constructed with the apparent low point at Station 1 + 00. The
width of the embankment at the crest is 18 ft. The dam, as de-
signed, was to be 10 ft wide at the cmbankment crest.

The upstream slope of the embankment was in good condition
with no serious crosion noted. No wave protection for the up-
stream slope was observed. The slope of the upstream face var-
ied from 1V on 2.2H to 1V on 2.9H. Some light brush and small
trees were noted on the slope.

The crest of the dam had a good grass cover. No cracks or
apparent settlement were observed in the crest of the cembankment.

The downstream slope of the dam was gencrally grass covered,
with some light brush and small trees noted. The slope of the
downstream face varied from 1V on 2.2H at the crest to 1V on 4.4H
at the toe. The junctions of the embankment and abutments were
‘ good. No serious erosion or secpage was observed along the slope.
% No animal burrows were noted on the embankment slopes.




Shallow auger probes in the embankment indicate the embank-
ment to consist of a light reddish-brown very f{inc sandy silt
with rock fragments (ML).

C. Appurtenant Structures:

C.1 Principal Spillway:

The approach to the 12 inch hooded spillway pipe was clear.
The wire mesh trash screen appearcd to be in good condition with
no accumulated debris. Collpase of the trash screen is probable
at time of flood flows. Additionally, debris could be carried
over the top of the trash screen. The outlet of the spillway pipe
was slightly above the toe of the embankment in a dense growth of
brush and treces. Some erosion was evident around the pipe outlet
and immediately downstream of the pipe.

(.2 Emergency Spillway:

The emergency spillway is an earth cut swale in the east
abutment. The approach channel contains many small trees and
brush. No permanent control section is provided in the g¢grass
covered spillway section. No apparent erosion of the control
section was observed. The owner stated that the ecemergency
spillway has not been used. Spillway releases, after passing
through the control section, would flow along the junction of
the embankment and abutment.

D. Reservoir:

The watershed is gencrally wooded and grass covered with
moderate slopes. No serious erosion or sloughing was noted.
Minor sedimentation of the reservoir arca was observed, with
no effect upon the reservoir noted.

E. Downstream Channel:

At the principal spillway outlet and for an additional 200
ft, the downstream channcl is heavily wooded with moderate side
slopes. The channel beyond is well defined with light brush and
tree growth and relatively mild side slopes. .

3.2 EVALUATION:

Trees and brush on the dam constitute a potential sccpage
hazard and encourage animal burrowing. Lack of wave protection
for the upstream face of the embankment can result in serious
erosion problems. The discharge capacity of the principal spill-
way is reduced due to the brush and tree growth, and can restrict
flood flows. Lack of a non-erodible control section and discharge
along the embankment-abutment junction can cause progressive cro-
sion due to spillway releases which would result in a decreasc of
the embankment stability. Trec growth in the approach channcl of
the emergency spillway will restrict normal flows.

- 1 l = '




The Bermuda grass, sown recently by the owner, is provid-
ing a dense grass cover on the embankment. Continuecd seeding
and maintenance of the grass will greatly assist in the total
maintenance program required.
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SECTION 4 - OPLERATIONAL PROCEDURES

4.1 PROCEDURES:

The pool is normally controlled by rainfall, runoff, cva-
poration, and the capacity of the uncontrolled spillways. The
1 inch copper pipe is used periodically to provide water for
livestock.

4.2 MAINTENANCE OF DAM:

The owner is presently attempting to obtain a bermuda grass
cover on the crest and side slopes. Small patches of the grass
are now present on the dam. No additional maintenance progran
is in effect.

4.3 MAINTENANCE OF OPERATING FACILITIES:

The valve at the downstream end of the 1 inch copper pipe
is used and maintained on a regular basis by the owner,

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFLCT:

There is no existing warning system for this dam.

4.5 EVALUATION:

The trce and brush growth on the dam and in the spillway
channels, lack of wave protection, lack of a non-erodible con-
trol section, and spillway discharges along the cmbankment-
abutment junction are deficiencies which should be corrected.
Remedial measures should be investigated by an engineer exper-
ienced in the design and construction of dams. A program of
regular maintenance of the operating facilitics should be
established and followed.
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SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1  EVALUATION OF FEATURES:

AL Design Data:

The available SCS hydrologic and hydraulic design data are
contained in the plans for construction (Shect o, Appendix A).

B. Experience Data:

No recorded rainfall, runoff, Jdischarge, or reservoir
stage data were available for this lake and watershed. The
owner indicated that the maximum water level in the lake wuas
to within 4 inches of the emergency spillway. According to
the owner the emergency spillway has never operated.

C. Visual Observaticns:

The approuach to the principal spillwav is clear and the
trash screen is in good condition. The approach to the emer-
gency spillway and the outlet channel of the principal spill-
way contain brush and tree growth., Considerable erosion was
observed at the outlet of the principal spillway. A non-ero-
dible control section is not provided for the cmergency spill-
way and flows through the spillway are not diverted away from
the embankment.

h. Overtopping Potential:

The hydraulic and hydrologic analyses (using the U. S.
Army Corps of lngincers guidelines and the HEC-1 computer
program) were based on: (1) a field survey of spillway
dimensions and embankment elevations; (2) a review of the
plans prepared by SCS; and (3) an estimate of the rescrvoir
storage and the pool and drainage arcas from the Patterson,
Missouri 7.5 Minute U.S.G.S. quad shecet,

Based on the hydrologic and hydraulic analysis presented
in Appendix C, the combined spillways will pass 11 percent of
the Probable Maximum Flood. The Probable Maximum Flood is de-
fined as the flood discharge that may be expected from the most
severe combination of critical meteorologic and hydrologic con-
ditions that are rcasonably possible in the region. The recom-
mended guidelines from the Department of the Army, Office of




the Chief of lngineers, rccommend that this structure (small
size with high downstream hazard potential) pass 50 percent
to 100 percent of the PMF, without overtopping. Considering
i the height of dam (28 ft) and the maximum storage capacity

: {83 Acre-ft) 50 percent of the PMF has been determined to be
the appropriate spillway design flood. The spillways will
pass a 1 percent probability flood without overtopping the
dam.

Application of the probable maximum precipitation (MDY,
minus losses, resulted in a flood hydrograph peak inflow of ;
2,613 cfs. TFor 50 percent of the PMF, the pcak inflow was ]
1,307 cfs.

The routing of 50 percent of the PMF through the spill-
ways and dam indicates that the dam will be overtopped by 1.5
ft at elevation 5:2.7. The duration of the overtopping will
be 8.3 hours, and the maximum outflow will be 1,003 cfs. The
maximum discharge capacity of the spillways is 30 cfs. The
routing of the PMF indicates that the dam will be overto) nel
by 2.1 ft at elevation 513.3. The maximum outflow will bc
2,255 cfs, and the duration of overtopping will be 13.7 hour:s.
Considering the duration of overtopping, 8.3 hours for the
routing of 50 percent of the PMF, probable serious crosion
could lead to failure of the structure duec to overtopping.
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SECTION ¢ - STRUCTURAL STABILITY

6.1 LEVALUATION OF STRUCTURAL STABILITY:

AL Visual Observations:

Observed features which could adversely affect the
structural stability of this dam are discussed in Sections
3.1B and 3.2.

B. Design and Construction Data:

Seepage and stability analyses comparable to the re-
quirements of the guidelines were not available, which
constitutes a deficiency which should be rectified.

C. Operating Records:

No operating records have bcen obtained.

D. Post-Construction Changes:

There have been no reported post-construction changes
or modifications to this dam.

L. Seismic Stability:

)

The structure is located in seismic zone 2. An earth-
quake of this magnitude would not genecrally be cxpected to
cause severe structural damage to a well constructed carth
dam of this size.
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT:

This Phase T inspection and cvaluation should not be
considered as being comprehensive since the scope of work
contracted for is far less detailed than would be required
for an in-depth evaluation of dams. Latent deficicencics,
which might be detected by a totally comprehensive inves-
tigation, could exist.

AL Safcty:

The embankment is in good condition. Several items
were noted during the visual inspection which should be
investigated further, corrected or controlled. These items
are: (l) Scattered brush and treces on embankment faces; (2)
Brush and tree growth in approach channel to emergency spill-
way channel; (3) Lack of wave protection for upstream facce;
{(4) Non-erodible emergency spillway control section not pro-
vided; (5) Lmergency spillway outlet channel not diverted
away from cmbankment; (6) Brush and tree growth in downstream
channel; and (7) Lrosion at the principal spillway outlet.

Another deficiency was the lack of scepage and stability
analvses records.

The dam will be overtopped by flows in excess of 11
percent of the Probable Maximum Flood. Overtopping of an
carthen embankment could cause scerious ecrosion and could
possibly lead to failure of the structurc.

B. Adequacy of Information:

The conclusions in this rcport were based on review of the
information listed in Section 2.1, the performance history as
related by others, and visual observation of external conditions.
The inspection team considers that these data are sufficient to
support the conclusions herein. Seepage and stability analvses
comparable to the "Recommended Guidelines for Safety Inspection
of Dams" were not available, which is considered a deficiency.

C. Urgency:

The remedial measures recommended in paragraph 7.2 should
be accomplished without undue delay. 1If the deficiencies listed
in paragraph A are not corrected, and if good maintenance is not




provided, the cmbankment condition will deteriorate and
possibly could become serious in the future. The items
recommended in parvagraph 7.2\ should be pursued without
unduc delay.

D. Necessity for Additional Inspection:

Based on the result of the Phase [ inspection, no
additional inspection is recommended.

L. Seismic Stability:

The structure is located in scismic zone 2. An carth-
quake of this magnitude would not gencrally be ecxpected to
cause severe structural damage to a well constructed carth
dam of this size.

7.2 REMEDIAL MEASURES:

The following remedial measures and maintenance pro-
cedures are recommended. All remedial measures should be
performed under the guidance of a professional engincer
experienced in the design and construction of dams.

AL Alternatiygg:

(1) Spillway size and/or height of dam should be
increased to pass 50 percent of the PME. In
cither case, the spillway should be protected
to prevent crosion.

B. 0O § M Procedures:

(1) Seepage and stability analyses comparable to the
requirements of the recommended guidelines should
be performed by an enginecer experienced in the
construction of dams.

(2) Brush and tree growth should be removed from the
embankment and the spillway channel. This should
be done under the guidance of a professional eng-
ineer experienced in the design and construction
of dams. Indiscriminate clearing methods could
jeopardize the safety of the dam.

(3) Wave protection should be provided for the up-
stream face of the dam.




(4)

(5)

(6}

(7)

The outlet of the emergency spillway channel
should be diverted away from the embankment.

The eroded area at the outlet of the prin-
cipal spillway pipe should be repaired and
maintained.

A non-erodible emergency spillway control
section should be provided.

A detailed inspection of the dam should be made
periodically by an enginecer experienced in the
design and construction of dams,
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Dam Location and Plans
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APPENDIX C
HYDROLOGIC AND HYDRAULIC ANALYSIS

To determine the overtopping potential, flood routings were
performed by applying the Probable Maximum Precipitation (PMP) to a
synthetic unit hydrograph to develop the inflow hydrograph. The inflow
hydrograph was then routed through the reservoir and spillway. The
overtopping analysis was accomplished using the systemized computer
program HEC-1 (Dam Safety Version), July 1978, prepared by the
Hydrologic Engineering Center, U.S. Army Corps of Engineers, Davis,
California.

The PMP was determined from regional charts prepared by the
National Weather Service in "Hydrometeorological Report No. 33."
Reduction factors were not applied. The rainfall distribution for the
24-hour PMP storm duration was assumed according to the procedures
outlined in EM 1110-2-1411 (SPD Determination). Also, the 1 percent
chance probability flood was routed through the reservoir and spillway.
Doniphan, Missouri rainfall distribution (5 min. interval - 24 hours
duration), as provided by the St. Louis District, Corps of Engineers,
was used in this case.

The synthetic unit hydrograph for the watershed was developed by
the computer program using the SCS method. The time of concentration
was estimated using the Kirpich formula. This formula and the
parameters for the unit hydrograph are shown in Table 1 (Sheet 4,
Appendix C). The time of concentration was also verified from velocity
estimates for the average slopes of the watershed and the main channel

(Design of Small Dams, page 70, 1974 Edition).

The SCS curve number (CN) method was used in computing the
infiltration losses for rainfall-runoff relationship. The CN values
used for the antecedent moisture conditions (AMC), and the result from
the computer output, are shown in Table 2 (Sheet 5, Appendix C).

The reservoir routing was accomplished by using the Modified Puls
Method assuming the starting lake elevation at normal pool. No
antecedent storm was routed in order to determine the starting
elevation. It was assumed that the mean annual high water elevation
corresponds with the normal pool elevation. The hydraulic capacity of
the spillway was used as an outlet control in the routing. The
hydraulic capacity of the spillway and the storage capacity of the
reservoir were defined by the elevation-surface area--storage-discharge
relationships shown in Table 3 (Sheet 5, Appendix C).

Sheet 2, Appendix C




The rating curve for the spillway (see Table 4 Sheet 6, Appendix
C) was determined assuming pipe entrance control for the principal
spillway and critical flow condition at the control section for the
emergency spillway.

The flow over the crest of the dam during overtopping was
determined using the non-level dam option (SL and $V cards) of the
HEC-1 program. The program assumes critical flow over a broad—crested
weir, The lowest elevation of the crest of the dam, obtained from
survey measurements, was assumed as top of dam elevation.

A summary of the routing analysis for different ratios of the PMF
is shown in Table 5 (Sheet 7, Appendix C). The result of the routings
indicates that the spillway will pass the 1 percent probability flood
without overtopping the dam.

Lo o Bt mms s a1t TR

The computer input data, a summary of the output data, and a plot
of the inflow-outflow hydrograph for the PMF are presented on Sheets 8,
9, and 10 of Appendix C.

Sheet 3, Appendix C
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TABLE 1

SYNTHETIC UNIT HYDROGRAPH

Parameters:

Drainage Area (A) 0.175 sq miles
Length of Watercourse (L) 0.473 miles
Difference in elevation (H) 152.0 f¢t
Time of concentration (Tc¢) 0.16 hrs
Lag Time (Lg) 0.10 hrs
Time to peak (Tp) 0.14 hrs
Peak Discharge (Qp) 600 cfs
Duration (D) 5 min.
Time (Min.) (%) Discharge (cfs) (*)
0 0
5 383
10 567
15 249
20 97
25 37
30 14
35 6
40 2

(*) From the computer output

FORMULA USED:

Kirpich Formula.
11.9 L3 0.385 From California Culverts Pract

Te = (=5 Highways and Public Works, Sep
Lg = 0.6 Tc

D
Tp = 2 + Lg

A.
Qp = égﬁ___jl Q=

= Excess Runoff = 1 inch

ice, California
tember, 1942.
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TABLE 2

RAINFALL-RUNOFF VALUES

Selected Storm Event Storm Duration Rainfall Runof f Loss
(Hours) (Inches) (Inches) (Inches)
PMP 24 35.1 32.15 2.95
1% Prob. Flood 24 7.55 3.32 4.23

Additional Data:

1) Soil Conscrvation Service Soil Group B
2) Sorl Consevrvation Scrvice Runof{ Curve CN 78 (AMC Il1) for the PMF
3) S 1 Conservation Service Runoff Curve CN = p@ (AMC 1I1) for the
1 percent chance flood
4) Percentage of Drainage Basin Impervious 7 percont

"

ELEVATION, SURFACE AREA, STORAGE AND DISCHARGE RELAILONSHLPS

Lake
Elevation Surface Lake Storage Spillway
(feet-MSL) Areca (acres) (acre-ft) Discharge (efs)
485.0 0] 0 -
*508.0 6.3 60.0
*%510.2 7.5 75.0 4
*%%511,2 8.0 83.0 30
520.0 12.9 175.0 -

*Principal spillway crest elevation
**Emergency Spillway crest elevation
***Top of dam elevation

The above relationships were developed using data from the USGS
Patterson, Missouri 7.5 minute quadrangle map and the field ¢
measurements.
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TABLE 4

SPILLNAYS RATING CURVE

Reservoir Pr incipal Bmer gency Total
Elevation Spillway Spillway Discharyc
(MsL) (cfs) (cfs) (¢fs)
%508.0 v - 0
509.0 2 ~ 2
*%510.2 4 0 4
*%%511.2 5 25 30
511.5 5 45 50
512.0 6 90 96
512.5 6 145 151
513.0 7 225 232
513.6 7 385 392

*Principal spillway crest elevation
**Emergency spillway crest clevation
**%Top of dam elevation

Method Used:

1) Principal Spillway: Using charts {or corrugated-metal pipes with
entrance control (and for pipes with outlet control for checking)
from the U. S. Bureau of Public Roads.

2) Emergency Spillway: Assuming critical flow condition at the control
section.and approach channel losses cequal to 30 percent of the velocity
head at the control section.

FORMULA :
2 3 . .
Q _ A Design of Small Dams, Water and Power Resources
g T Service (Former USBR), page 553, 1974 Edition.
Q = Discharge in cubic feet per second
A = Cross sectional area in squarce feet

3
]

Water surface width in feect

g = Acceleration of gravity in ft/scc2

Sheet 6, Appendix C




TABLE 5

RESULTS OF FLOOD ROUTINGS

Ratio Peak Peak Lake Total Peak Depth
of Inflow Elevation Storage Outflow (ft)
PMF (cfs) (ft, MSL) (acre-ft) (cfs) Over Top
of Dam
- 0 *508.0 60 0 -
0.10 261 511.1 82 28 -
0.11 287 **%511.2 83 30 -
0.15 392 511.6 87 116 0.4
0.20 523 512.0 91 306 0.8
0.25 653 512.2 93 469 1.0
0.30 784 512.3 94 591 1.1
0.40 1,045 512.5 96 824 1.3
0.50 1,307 512.7 98 1,063 1.5
0.75 1,960 513.0 102 1,656 1.8
1.00 2,613 513.3 105 2,255 2.1

The percentage of the PMF that will reach the top of the dam is 11 percent.

*Principal spillway crest elevation
**Top of dam elevation
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APPENDIX D

Photographs




10
11

12

13

14

15
16

4 PHOTO NO.

LIST OF PHOTOGRAPIS

DESCRIPTION

Aerial View of Lake and Dam (Looking Last)
Aerial View of Dam (Looking South)
View of Reservoir (Looking North)

Crest of Embankment, Lmergency Spillway in
foreground, (Looking West)

Upstream Face of Imbankment (Looking West)
Downstream Face of Embankment (Looking West)
Principal Spillway Inlet (Looking West)
Principal Spillway Inlet (Looking South)

Principal Spillway Outlet and Plunge Pool
(Looking North)

Principal Spillway Outlet (Looking North)

Upstream View of Emergency Spillway Channel
{(Looking Northwest)

Emergency Spillway Inlet Channel (Looking
Southeast)

Downstream View of Lmergency Spillway Channel
and Road (Looking South)

Emergency Spillway Outlet Channel (Looking
North)

Valve Box for Irrigation System

Downstream Hazard Feature
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